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We study theoKK system with an aim to describe ting1700 resonance. The chiral unitary
approach has achieved success in a description of systeths bfht hadron sector. With this
method, theKK_system in the isospin sectbe= 0, is found to be a dominant component of the
fo(980) resonance. Therefore, by regarding ki€ system as a cluster, tHg(980) resonance,
we evaluate th@KK_system applying the fixed center approximation to the Faddgaations.
We construct th@K unitarized amplitude using the chiral unitary approachaAssult, we find

a peak in the three-body amplitude around 1739 MeV and a waitidibout 227 MeV. The effect
of the width ofp and fp(980) is also discussed. We associate this peak t@{1&00 which has

a mass of 1728 20 MeV and a width of 256- 100 MeV.
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We study theopKK system in the sectdr(JP) = 1(17) within the fixed center approximation
(FCA) to obtain thep(1700 resonance. A pair okK is assumed to form the scalar cluster, the
f(980) resonance because tK& component inf(980) is found to be dominant [1]. In order to
obtain the unitarizegpK amplitude, we follow the schemes given by refs. [2, 3] an@ratthem
to the isospinl = 3/2 sector. Basically we follow the formalism given by refs. 46, 7].

To implement the Faddeev equation within the fixed centeragimation, we need theK (oK)
unitarized amplitude. Here we utilize the amplitude giverthie previous work [2, 3] as to the
vector-pseudoscalar interaction in the sector with seargsS= 1 and isospil = 1/2. Follow-
ing the Bethe-Salpeter approach, we havevRawo-body scattering amplitude as

T=[1+VG }(-V)g.-¢, (1)
whereV is an interaction kernel which will be discussed latfis (1+ %&—E)G being a diagonal
|

matrix andé (&) represents a polarization vector of the incoming (outgpiggtor-meson. Thanks
to the on-shell factorization and the dimensional regmédion, a loop function of pseudoscalar
and vector mesorS; can be expressed as a function of the engrgy

GiI(VE) = {a(u) + |n“£—§ L sl WL

W 2s M|2
+\q_/|s [In(s— (M7 —m?) + 2G1/5) + In(s+ (M? — ) + 2q1 /9)

—In(=s+ (M7 —n¥) +20,v/5) ~In(—s— (M7 —nY) +2qV9)] }, (@)

where a momentury, is determined at the center of mass frame grid a scale parameter in this
scheme. Furthermore in accordance with ref. [3], we tal@aotount the effect of the propagation
of unstable particles in terms of the Lehmann represemtatitstead of the original loop function

eg. (2), we use

. 1 rM+2r)? 1 1
G|(\/§) — a/(Mlzrl)z dS\/GI(\/éa\/gam) X <—7_-[> Im{s,\/—M|2+|M|r| }’ (3)

with the normalization for th&th component

(M|+2F|)2 1 1
c.:/ da,x(——)lm{ e } )
(Mj—2r)2 m sy — M +IMT

with my, M, I, the mass of the pseudoscalar meson, mass of the vector dtidafithe vector
respectively. We can obtain the interaction ketvidby the use of the WCCWZ approach [8, 9,
10] where the interaction Lagrangian stems from a nonlimealization of chiral symmetry. By
projecting oveis-wave, we have th¥ P potential

Vi®) = -2y s WP E ) - Sz @)

where the index(j) represents th¥ P channel of the incoming (outgoing) particles. The coeffi-
cientsC;j in eq. (5) for thel = 1/2 andl = 3/2 sector are tabulated in tables 1 and 2 respectively.
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oK  wK pK K*n K*m
@K 0 0 0 —/3 -3
wK | 0 0 33
pK | 0 o -2 -3 :
Kn|-J3 £ -3 o 0
Km| /3 2 5 o0 -2

Table 1: CoefficientsCij in thel = 1/2 sector.

pK K*m
pK | 1 1
K| 1 1

Table 2: CoefficientsCij in thel = 3/2 sector.

In order to have an appropriate unitarized amplitude, wethuséollowing parameter set chosen to
reproduceK;(1270) in ref. [3] asy = 900 MeV, a(u) = —1.85, f =115 MeV .

Under the fixed center approximation [4, 5, 6, 7], it is assuithetK andK cluster together
and the structure of the cluster is kept against the caflisibp. This idea leads the three-body
scattering amplitud& which can read a summation of the two following partitiondtions T, and
T2

T1 = t1 +11GoTo,
To = to+ G T, (6)
T = T1—|—T2,

where the subscripts= 1(2) of T; andt; represent the component partidfgK) in the cluster
and the diagrammatic sketches are depicted in fig. 1. In tbsept work, we can rewrite=

t; =t andt is given as a mixture of the different isospin stated ef 1/2 andl = 3/2,t =
(ZL:K3/2+t;)T<1/2> /3, wheret is the pK unitarized scattering amplitude given by eq. (1). By
adopting the field normalization used in refs. [5, 6, @}, of eq. (6) reads as a function of the
energy,/s

B 1 d3q 1
o) =i, | s Vg g T

()
where My, is the mass of thep(980) resonance and the width of theis taken into account
in the above propagator. The energy of the propagatds determined at the three-body rest

frame,°(y/s) = (s+mj — M2 ) /2,/s. Here we utilize the form factdF, to give the momentum
distribution of fy to the Gg function by the use of the formalism developed in refs. [12,,113]

F ()_i 4° ( 1 >2 1
0@ =7 i P\ 200@)) My 200(p)
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Figure 1: Diagrammatic representation of the fixed center approxondor thepKK_system.

1 2 1
" <2aa<<rs—q>> My, — 20k (F—)’ ®)

where the normalizationy” is given by

2
B 3 1 \? 1
P o p[(Zak(rﬁ)) Mfo—zmm] |

(9)

From ref. [1], we takekmax = /A2 — Mg and A = 1030 MeV for getting thefy(980) from the
KK cluster. Considering th&matrix, we have a simple expression of the three-body estady
amplitude

£(s)

T(9) =2[f(8) +(8)Go(9{() + ] =2 g

(10)
wheret is replaced by = (2m¢,/2mk )t coming from the normalization of the fields and note that
the unitarized amplitudeis a function ofs' = 1/2(s+ M3 + 2mg — M2 ). Finally we consider the
width of fg by replacing the mass of the clustér, in egs. (8) and (9) wititM, —il1,/2. The
amplitude with thefy(980) andp width effect is shown in fig. 2 and the masses and widths of the
dynamically generated state are listed in table 3. It is shiat the inclusion of thé;(980) width
induces a suppression of the magnitude of the peak and tlkkeopeames broader as the width of
the f5(980) increases. Furthermore it is also a remarkable featuretibgteak position is not so
affected by this prescription.

Through this work, we construct th:d(K_three-body amplitude by means of the fixed center
approximation. In our framework, a pair #fK is considered to form a scalar meson cluster
fo(980), based on ref. [1]. We use theK unitarized amplitude provided by refs. [2, 3] in a
manner giving a respect to chiral symmetry. In the threeybardplitude, we have a peak at the
energy around 1748 MeV rather independent of the width offgfi@80). Besides, it is seen that
the inclusion of thefy(980) width makes the peak wider and gives a good agreement with the
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Figure2: ThepKK_ampIitude with the width effect fdr ¢, = 0,40,70,100 MeV, respectively.

Ny,=0 T¢{,=40 ;=70 I, =100 PDG [14]
Mass | 1748.0 1743.6 1739.2 1734.8 17220
Width | 160.8 216.4 227.2 224.6 250100

Table 3: The masses and widths of dynamically generated stateshvatitth effects. (in MeV)

experimental data of the(1700), both for the position and the width. Since th&lecays intat
mostly, the above results might be related to the dominacsydenode of thep(1700, prrr and
4mt. Our approach to theKK system provides the description of tpé1700 as a dynamically

generated state and then we conclude that the building labtie p(1700 resonance are the
and f5(980).
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